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NEW EMISSION BANDS IN THE EXTREME ULTRAVIOLET SPECTRUM 
OF THE DEUTERIUM HYDRIDE MOLECULE
INTRODUCTION
"Hie study of the spectra of diatomic molecules leads to precise 
information about their rotational, vibrational, and electronic energy 
levels, and from these energy levels the internuclear distances, the 
vibrational frequencies and force constants, the energies of dissoci­
ation, and other data concerning the structure of diatomic molecules 
may be determined accurately."!
This thesis is concerned with the identification of new lines in 
the extreme ultraviolet spectrum of the diatomic molecule, deuterium 
hydride. With the data acquired during the course of this research, the 
writer is analyzing the emission bands in the 5P^^cd - Is^^ systems.
! Gerhard Herzberg, Molecular Spectra and Molecular Structure II. 
(New York: D. Van Nostrand Company, Inc# 19^7) » P• !•
APPARATUS AMD EXPERIMENTAL PROCEDURES
The Spectrograph
The spectrograph (Fig* 2) was designed by Dr* C* Rulon Jeppesen 
and built in the shop of the University of California Physics Department* 
The mounting is a modification of the Paschen-Runge type * As aji addition­
al convenience for focusing. Dr* Jeppesen designed a screw adjustment 
which moves the grating back and forth along a line perpendicular to its 
surface* A schematic diagram of the instrument is shown in Fig* 1*
Fig* 1 The Spectrograph
The slit S, the grating G, and the filmholder FH are all placed on the 
usual Rowland circle. The tube T is brass and approximately 5 inches in 
diameter and 20 inches long* Both ends are fitted with removable covers, 
made vacuum-tight with rubber gaskets. The spectrograph is evacuated 
through the outlet V*
When operating the vacuum system the filmholder can be moved 
since the adjusting mechanism, a tapered brass cylinder, is sealed and
XA
Fig. 2 The Spectrograph and Equipment Ready For Operation
lubricated with stopcock grease. The Schematic Diagram (Fig. 7) the
photograph (Fig. 8) show the filmholder and adjusting mechanism. A 
vernier scale makes it possible to place the film in proper position 
for each exposure. As a general rule five exposures are taken on one 
film, alt'hougjh it is possible to take more*
The slit of the spectrograph is adjusted by turning a small screw 
which moves the left jaw. If a light bulb is placed in front of an open­
ing (covered during operation) at the grating end of the spectrograph, 
the width of the slit is determined by the eye with the aid of a small 
14X magnifying glass.
The Grating
The concave grating, made of flint glass, was ruled at Johns 
Hopkins University. It contains 11,800 lines per centimeter and has a 
radius of 42 centimeters which gives a dispersion of about 20 Angstroms 
per millimeter and a probable error of 0*05 Angstrom. Mounted at almost 
normal incidence, the grating is very fast and gives spectra quite free 
from background.
The Vacuum Systern
To obtain the high vacuum, necessary for operation, two vacuum 
pumps were used. A 1/5 h.p. 60 cycle electric motor, operating on II5 
volts and making 1?25 revolutions per minute, was used to operate a Oenco- 
Hyvac mechanical oil pump. When the pressure had been reduced to about 
•01 mm. of mercury a two-stage diffusion pump went into operation. This 
pump operated by means of the vapor which is formed when mercury is heated
Gas molecules, passing by diffusion from the apparatus which was being 
evacuated, entered the blast of mercury vapor from a jet and were driven 
downward to an outlet which removed them through the mechanical pump to 
the atmosphere. The mercury vapor was condensed by a water jacket and 
returned to the flask where it was heated and evaporated again. To 
prevent any mercury vapor from getting up into the spectrograph or dis­
charge tube, a dry ice mercury trap was placed between the rest of the 
apparatus and the pump• This type of pump is very fast in action and 
has no theoretical pressure l i m i t . Fig. $ shows the mercury diffusion 
pump, the metal sheets which concentrated the heat from a bunsen burner 
on the flask of the mercury supply, and the dewar flask for dry ice which 
surrounded the mercury trap*
As a means of measuring the pressure in the spectrograph, a McLeod 
gauge was used .(Fig. $) The capillary diameter of the gauge was 5-.5̂ 7 nmi. 
and the volume of the bulb and capillary was 44.6 cc. Since evacuation 
through the slit was very slow, and the gauge was not connected directly 
to the discharge tube, the reading did not indicate the pressure maintained 
in the discharge tube after the deuterium gas or hydrogen gas had been 
introduced. The mercury diffusion pump system and the McLeod gauge were
 ̂For a complete discussion of high vacuum pumps and gauges 
see Saul Dushman, Scientific Foundations of Vacuum Technique (New Yorks 
John Wiley and Sons, 1949)
^ J. Yarwood, High Vacuum Technique (second edition; New Yorks 
John Wiley and Sons, 19^5)
m
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Fig. 5 The Mercury Diffusion Pump, 
Mercury Trap, and McLeod Gauge
blown by Dr. Jeppesen*
The Cenco-Hyvac mechanical pump was connected by a piece of high 
vacuum hose to an arm of the discharge tube* There was, however, a stop­
cock between the hose and the tube* It speeded up the first stage of the 
evacuation process to pump air out through this arm of the discharge 
tube instead of waiting for it all to pump out through the narrow slit*
As soon as the pressure had been reduced enough to start the mercury 
diffusion pump, however, the stopcock was closed to prevent air leaking 
back into the discharge tube *
The photograph of the mercury diffusion pump system (Fig. $) 
shows how that pump is fastened to the spectrograph* The end of the 
glass was ground smooth and even by using moist carborundum powder on 
a piece of sheet metal* (This same procedure of grinding the glass was 
used on the end of the discharge tube which was fastened to the spectro­
graph.) The fitting on the side of the spectrograph is a slightly taper­
ed brass cylinder. The glass was securely fastened to this cylinder with 
red sealing wax* To prevent li^t from being totally reflected along 
the inside of the glass tubing and entering the spectrograph, the tubing 
was painted on the outside with caramel. This preparation has nearly the 
same index of refraction as the glass, thus ligjht would not be reflected 
at the surface, and after entering the dark colored caramel, would be 
absorbed *
The Discharge Tube
The discharge tube (Fig. 4 and Fig. 5)» made from pyrex glass
ô
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Fig. 4 The Discharge Tube Ready For Operation
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Fig. 5 The Discharge Tube o
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t-ubing# was blown by Dr# Jeppesen# The over-all length of the bottom 
section was approximately 2$ cm# One end of it was fitted with a brass 
cylinder» sealed to the glass with red sealing wax# When the discharge 
tube was used for operation this cylinder was put over the slit attachment 
on the spectrograph, the connection was made vacuum tight with heavy 
stopcock grease# As can be seen from the diagram (Fig# 5) the middle 
bottom section of the tube contained a length of glass tubing about 6#5 
cm# long through which the discharge passed# In front of this length of 
tubing was sealed a length of capillary tubing about 2 #5 cm. long# The 
electrodes for the discharge tube were made by rolling a length of alu­
minum sheet metal (aluminum has comparatively little tendency to sputter) 
and the terminals, sealed into the glass, are pieces of tungsten wire#5 
With this type of tube the discharge was very near the slit. This served 
"to insure the full surface of the grating being illuminated as well as to 
reduce absorption in the discharge tube itself
Preparation and Development of Film Sensitive in the Extreme Ultraviolet 
Soret showed that gelatine absorbs strongly in the ultraviolet, 
so to obtain film sensitive to the extreme ultraviolet. Contrast Process 
Ortho film was cleared, fixed in hypo, rinsed and hardened in a bath of
5 John Strong, Procedures in Experimental Physics (New York: 
Prentice-Hall, ipA^)
^0# Rulon jeppesen, "The Emission of Molecular Hydrogen in the 
Extreme Ultraviolet*" Physical Review, 44:167j Aug. 1, 1955»
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sodium bisulphite and potassium dichromate.^ This film was then coated 
with the Schumann preparation described by J.J, Hopfield and E.T.S# 
Appleyard.^ The most satisfactory results were obtained, however, by 
pouring the liquid emulsion into the dewar flask at a temperature of
and allowing the maturing process to continue not more than fifty 
minutes• This included the time it took for the temperature to drop to 
52^0 before the solution was sealed in the dewar flask. A chief 
difficulty encountered in spreading the emulsion was the tendency for the 
film to curl. Although it was not necessary to use fixed sheet film as 
a base, the emulsion adhered to its surface better than it would have to 
a sheet of celluloid. Unfortunately, double weight sheet film was not 
obtainable, but wet blotters were put beneath the filter paper upon which 
the film to be coated was placed. The filter paper retained its moisture 
during the settling process, thus curtailing to an appreciable extent, 
the tendency of the film to curl inv;ard toward the emulsion side.
A solution of Kodak Dektol Developer, in the proportions of one 
part stock solution to eight parts water, was used to develop these 
films. Although the developing time decreased as the age and sensitivi­
ty of the film increased, the average developing time was approximately 
one minute•
5 Leica Camera Manual
^ J.J. Hopfield and E.T.S. Appleyard, "A Simplified Method of 
Preparing Schumann Plates,'* Jour. Opt. Soc » Am., 22:488-495^ Sept.,
1952.
12
The Power Supply
The high potential used to operate the discharge tube was obtain­
ed with a single—phase ^0/60 cycle transformer operated with a primary 
e.m.f. of 115 volts. The secondary circuit supplied 6200 volts and a 
maximum of #081 amperes# The transformer was used with a ballast re­
sistance of 90 ohms in the primary circuit. This high voltage source 
is pictured in Fig. 6# The high tension cables which ran from the trans­
former to the terminals of the discharge tube may also be seen in the 
figure. The use of the h i ^  tension cables was a precautionary measure 
as it was sometimes necessary to touch the bottom of the discharge tube 
to determine if it were becoming too hot during operation. The terminals 
were exposed, however, so it was necessary to exercise extreme care# 
Preparation and Use of Deuterium Hydride Gas
The diatomic molecule, deuterium hydride, is formed quite rapidly 
in a discharge tube when both hydrogen and deuterium are present# To 
obtain the deuterium hydride gas for this investigation, deuterium gas 
was admitted into the discharge tube and was contaminated by the hydrogen 
which was continuously being emitted from the electrodes and glass of the 
discharge tube#
An attempt was made to keep the concentrations of H2 and D2 ap­
proximately equal in the discharge tube. When this was accomplished, the 
ratios of concentrations of the three possible molecules were H2 2^^, HD 
50^» and Ü2 2 ^  and the spectrum of HD was twice as strong as the spectra 
of Hg and D2 molecules#.
Fig. 6 The Spectrograph System Showing The Power Supply For The Discharge Tube
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The supply of deuterium gas was obtained by dissociating deuter­
ium oxide ("heavy water"). The equipment used for this process can be 
seen in Figures 4 and Ô and a schematic diagram of the apparatus is shown 
in Fig, 7* For this dissociating operation the equipment was connected 
by the glass tubing (E) to the vacuum out-gassing system described on 
page 17- Therefore, the flask was evacuated through the stopcock (F) 
which is indicated on the diagram. About 1/2 cc, of deuterium oxide was 
dropped into the glass tube (A) and the top was sealed. The deuterium 
oxide was separated from the pumping system by a stopcock (B). To the 
right of the stopcock was a flask (C) with a long attached tube (D) pro­
jecting downward. This tube contained a mixture of powdered and granu­
lated zinc which was used for the dissociation process. Before deuterium 
oxide could be introduced into this zinc tube, however, it was necessary 
to evacuate the flask and to out-gae the zinc. The flask was evacuated 
and with the pumps still working, the tube of zinc was heated all over, 
up and down its entire length, with a bunsen burner flame. The heat 
drove occluded gases out of the metal so the process was continued until 
a high vacuum was again obtained, A small beaker of dry ice was then 
placed around the tube containing the deuterium oxide. When the water 
was frozen the stopcock (b ) was opened and the space above the deuterium 
oxide evacuated. After a high vacuum was obtained, the stopcock (F) be­
tween the flask and the pumping system was closed. The dry ice was removed 
from the deuterium oxide tube and placed about an inch high around the 
bottom of the tube containing the zinc. The deuterium oxide passed by
15
r
Fig. 7 A Schematic Diagram
16
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Fig* 8 The Deuterium Oxide Dissociation Equipment and Hydrogen 
Pressure Reducing Apparatus In Place On The Spectrograph
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diffusion to the bottom of the zinc tube. The stopcock (B) could be 
closed to stop the flow, so it was not necessary to use all of the 
deuterium oxide at one time. After a sufficient amount of deuterium oxide 
had diffused into the zinc tube, the dry ice was removed and the glass 
tube (D) allowed to return to room temrerature. The zinc tube was again 
heated with a bunsen burner flame. This caused the deuterium oxide to 
vaporize and dissociation to take place because the heated zinc formed 
oxides with the oxygen present. (When aj%r part of the apparatus was heat­
ed it was necessary to wrap the stopcocks with wet strips of cloth. The 
evaporation process kept the stopcock grease from melting and causing 
leaks in the vacuum system.)
To deliver the deuterium gas from the flask into the discharge 
tube, a capillary tube was sealed into the drawn ends of glass tubing.
One projected from a stopcock (G) on the flask and the other from a stop­
cock on an arm of the discharge tube. Piccin wax was used to make these 
seals and the seals on both ends of the capillary which delivered hydrogen 
gas. Fig. 2 shows both capillaries sealed into an arm of the discharge 
tube .
Out-Gassing the Discharge Tube
Before the discharge tube could be used to obtain deuterium hydride 
spectrograms, it was necessary to out-gas a considerable proportion of 
the ordinary hydrogen occluded by the electrodes and the glass. This was 
accomplished by attaching the tube to a separate vacuum system which con­
sisted of a Cenco-Hyvac mechanical oil pump and a small, but very rapid
18
Fig* 9 Out-Gassing Apparatus
acting, single-stage mercury diffusion pump (Fig* 9)* The open end of 
the discharge tube which was made to fit over the spectrograph slit 
attachment, was plugged for the out-gassing operation by a tapered brass 
cylinder and sealed with stopcock grease. With the vacuum system work­
ing, the discharge tube was operated for fifteen hours during which time 
it was repeatedly evacuated and refilled with pure deuterium gas. This 
would have been the correct amount of time if it had not been necessary 
to operate the tube from two to four hours and to flush it out with 
deuterium gas a few times before sets of exposures were taken. This 
latter procedure was used to drive out the last traces of nitrogen*
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Maintenance of Rig;ht Deuterium Hydride > Hydrogen and Deuterium Concentrations 
Due to this additional operation the concentration of deuterium 
became stronger than the concentration of hydrogen in the discharge tube. 
(While not a desirable situation in the problem under investigation, the 
strong deuterium concentration showed that with great care there were ways 
in which it would be possible to out-gas the tube sufficiently to investi­
gate emission lines of pure deuterium.) In order to keep the concentrations 
of H2 and D2 as nearly equal as possible, a second capillary tube for de­
livering hydrogen was sealed into the arm of the discharge tube* The 
hydrogen gas was supplied from a Linde Air Products Company tank. However, 
it was necessary to reduce the pressure before the hydrogen entered the 
discharge tube. This was accomplished by releasing gas from the tank into 
a supply of mercury. While some hydrogen bubbled through the mercury into 
the capillary, the excess escaped through a jet and was burned. This 
pressure reducing arrangement is pictured in Fig. 8, and its design is 
shown in the schematic diagram (Fig. 7) .
After the hydrogen apparatus was attached, the discharge tube was 
operated while being flushed out with hydrogen gas. When this was pumped 
out and a high vacuum again reached, the discharge tube was flushed, out 
with deuterium gas.
Operation
Due to the background caused by the well-known hydrogen continuous 
spectrum in the second order, it was decided to measure the first order 
spectrum. Nitrogen bands do not appear in the region of the first order 
spectrum so there was no objection to having traces of nitrogen bands
20
on the spectrograms* It was shown on some films, however, that even 
these traces of nitrogen could be eliminated by pumping and flushing the 
tube over a period of several hours*
The discharge tube gave a strong source of light. However, in an 
effort to obtain as many lines of short length as possible, exposures 
were taken over periods as long as 75 &nd 60 minutes* Only the very 
short wave length ends of these spectrograms could be measured* At wave 
lengths much higher than 95^ Angstroms the background was appreciable 
and it was not possible to resolve all of the lines or to distinguish 
lines from background. Many exposures of 1, 2, 5* 10, 15> 20, 2^, $0,
and 40 minutes were also taken* For all of the exposures, the pressure 
in the spectrograph was approximately 10“^ mm. Although from one film 
to another, there were very small variations in room temperature* the 
readings were constant for each exposure* It was necessary to keep the 
temperature of the grating constant during an exposure; expansion or 
contraction of the glass grating would have varied the grating spaces 
and displaced the position of the spectra lines*
During operation, while exposures were being taken, the deuterium 
hydride gas slowly leaked from the discharge tube through the slit* To 
compensate for this loss there was a continuous flow of deuterium gas 
from the capillary into the discharge tube, but it was not necessary to 
keep the stopcock from the supply open all the time during operation*
When the pressure in the flask containing the deuterium gas was high, 
gas sufficient to operate the tube for 5 to 10 minutes could be released
21
by ‘turning the stopcock as fast as possible through one half of a 
revolution. Only when the pressure in the flask was very low did it 
become necessary to keep the stopcock open.
After each set of exposures and before a new film was put into 
the spectrograph, the slit was cleaned and adjusted. To clean the slit, 
a small shaving of wood was sharpened and used to wipe dust particles 
out of the opening. The l4x magnifying glass was used to see if the 
slit were clean and adjusted to the proper width.
Before the films were measured, they were sealed between two 
thin pieces of glass. This served to protect the emulsion from becoming 
scratched and to keep the films flat while they were being measured. In 
order to have glass as nearly perfect as possible and to introduce no 
appreciable distortion in measuring, the emulsion was cleaned from some 
5 x 7  inch photographic plates. These were cut to the proper size. A 
spectrogram was placed between two of them and the corners of the glass 
sealed with piccin wax.
The Exposures Selected For Measurement
The four exposures having the best development of the deuterium 
hydride spectrum were selected. These exposures were on the three 
spectrograms Ib, Illb, and IVb. For spectrogram Ib a high vacuum was 
obtained and the discharge tube operated for two hours with a continuous 
flow of hydrogen pumping through it into the spectrograph. The pressure 
in the tube was controlled by turning the stopcock to the hydrogen supply 
on and off as necessary. Immediately after the hydrogen stopcock was
22
opened and closed, the stopcock on the arm of the discharge tube leading 
to the mechanical pump was opened for approximately one minute• This 
relieved the high pressure in the discharge tube and helped to flush out 
the nitrogen* A three minute hydrogen exposure was taken after two hours 
The system was evacuated again and the discharge tube flushed out with 
deuterium gas for 15 minutes* Exposures of 20, 15# 8, and 5 minutes
f #
I
zo
I
Fig. 10 Spectrogram Ib 
were taken while deuterium hydride gas* was flowing continuously from the 
tube through the slit and the spectrograph* A print of the spectrogram, 
enlarged about 2X, is shown in Fig* 10*** The temperature was maintained
*As stated on page 12, H2 and D2 are also present with HD in the
discharge tube* However, when describing these exposures, in which pure
deuterium was released into the discharge tube, only the deuterium hydride 
gas will be mentioned*
**0nly the part of the spectrogram over which measurements were
taken is shown in Figures 10, 11, 12, and 15*
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at 25® C and the pressure in the spectrograph kept about 10“^ mm* 
throughout this operation. The 20 minute exposure on this spectrogram 
was measured over the entire range under investigation*.
For film Illb the discharge tube was operated for 1 hour and 20 
minutes with hydrogen before being evacuated for the second time and 
flushed out with deuterium gas. Deuterium hydride exposures of 60» 1$, 
and 5 minutes were taken with the pressure in the spectrograph about 
10”^ mm. and the room temperature at 25° C. A 2X enlargement of this 
spectrogram is shown in Fig* 11* The 60 minute exposure was measured 
over the short wave length range *
Atmf.
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Fig. 11 Spectrogram Illb 
In the last exposure on film Illb the hydrogen concentration in 
the spectrograph was just slightly higher than the deuterium concen­
tration* Hence, to obtain spectrogram IVb the discharge tube was operated 
with hydrogen for only 1 hour and 5 minutes before being again evacuated 
and flushed out for 5 minutes with deuterium gas* It would have been
24
necessary to increase the period of operation with deuterium if short 
exposures had been taken on the film* Howeverj exposures of 75 end 20 
minutes were taken, then an exposure of 8 minutes was made with both 
deuterium and hydrogen flowing through the discharge tube eind the silt 
into the spectrograph* Following this operation, the system was pumped 
out for 2^ hours before hydrogen exposures of 1^ and ^0 minutes were 
made * The system was again evacuated and a ^0 minute deuterium hydride 
exposure taken* All of these exposures are shown in the print of the 
spectrogram. Pig* 12* Throughout the process of taking exposures on
ski##
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Fig* 12 Spectrogram IVb 
film IVb the pressure in the spectrograph was 10"^ mm* for the deuterium 
hydride exposures and slightly lower for the hydrogen exposures* The 2^ 
minute hydrogen exposure on this film was measured and used to establish 
the identification of hydrogen lines* The 20 minute deuterium hydride 
exposure was measured over the entire range under investigation and, as
25
mentioned earlier, the 75 minute deuterium hydride exposure was measured 
over the short wave length range* Prints of this 75 minute exposure, en­
larged approximately 4X, are shown in Fig* 1$* Print B is a continuation 
of Print A and in both spectrograms the longer wave lengths are to the right.
A
B
/S'"
Fig* 15 The 75 Minute Exposure 
Reduction of the Spectrograms
Measurements of the spectrograms studied were made by the use of 
a 100 mm. Gaertner Comparator purchased by the University of Montana 
Physics Department for research purposes* Figures l4 and I5 show the 
design of this comparator. The weight, which was suspended from the main 
screw by a pulley, eliminated most of the "back lash". (Fig* I5)
The usual procedure of measuring spectrograms was followed. 
Measurements were taken by going from short to long wave lengths* The
26
Fig- l4 The Comparator 
film was then turned around and a particular line or spot which had been 
chosen before turning was located. The cross hair was placed on this 
identified place and the scale set to give a reading equal to 1000 minus 
the reading obtained in the other direction. Measurements of this same 
exposure were then taken by going from long to short wave lengths. Thus, 
two Bettings were made upon each line on each spectrogram.
The total magnification used to measure the spectrograms was 
equal to l40X- Although the grating used in the spectrograph had ex­
tremely high resolving power and low dispersion, a higher magnification 
would not have increased the ability to resolve lines since the grains 
of the emulsion would have been enlarged to such an extent that it would 
have been exceedingly difficult to distinguish between background and 
lines. It was possible to resolve lines .004 mm. apart.
27
Fig. 15 The Comparator
28
Determinations of* Hydrogen Line Standards, Wave Lengths and Wave Numbers 
Hydrogen lines discovered by Dr. JeppesenT were identified on the 
HD exposures of the present investigation. In order to be sure of the 
identification of these hydrogen lines, which were used as standards, 
an exposure of 15 minutes was made in which hydrogen was flowing con­
tinuously into the discharge tube. The hydrogen concentration in the 
discharge tube was, therefore, much stronger than the deuterium con­
centration. For this reason, the H2 spectrum on this exposure was 
stronger than the HD spectrum.
Measurements of the strong lines and many of the weak lines were 
taken over the entire range under investigation. Interpolating linearly 
between the central image and the first Lyman Lines (atomic spectra lines 
due to some dissociation of the hydrogen and deuterium molecules in the 
discharge tube) it was possible to determine the approximate wave lengths 
of all the lines on this exposure. By starting with a certain line and 
comparing the differences and intensities of the subsequent lines with 
the differences and intensities of the known wave lengths, the lines were 
identified. These wave lengths, which had been determined by identifying 
hydrogen lines on an exposure strong in hydrogen, were then used to identify 
the wave lengths of the four deuterium hydride exposures.
Corrections were made for the differences in the position of each 
spectrogram with respect to the comparator scale and hence the position
7 C. Rulon Jeppesen, "The Emission of Molecular Hydrogen in the 
Extreme Ultraviolet," Physical Review, 44:165-184, Aug. 1955*
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of the central image during the different measurements. For example, 
on spectrogram IVb the comparator setting on the central image was 1.479 
for the hydrogen exposure and 7*04l for the 75 minute deuterium hydride 
exposure. This made it necessary to add 5*5^2 to the hydrogen exposure 
comparator readings before using them to locate the hydrogen lines on 
the deuterium hydride exposure.
The central image on each of the films was very broad, but it 
was possible to locate approximately the position of the center. Only 
on spectrogram Illb, where the central image was too near the edge of 
the film, was it necessary to use the first Lyman Line to determine the 
position of the lines with respect to those of the hydrogen exposure.
After the correction for the differences in comparator readings 
between the lines on the hydrogen and deuterium hydride exposures had 
been made, the comparator readings were compared and the hydrogen 
standards identified on the deuterium exposures. The wave lengths were 
calculated by direct linear interpolation. The value for the linear 
dispersion is found by subtracting the values of the comparator reading 
and wave length for a particular line at one end of the exposure from 
the value of the comparator reading and wave length for a particular 
line at the other end. The linear dispersion is the ratio of the differ­
ence in wave length to the difference in comparator reading. As an ex­
ample, the data for the 20 minute exposure on spectrogram IVb is as follows:
Short Wave Length Region Long Wave Length Region 
Comparator Reading 55.5ÔI 58.490
Wave Length 914.$20 1017*670
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Difference in Comparator Readings 5*117
Difference in Wave Lengths 10^*550
Linear Dispersion — *330 ̂  20.25646
5*117 -
Hence, for the particular grating used, a change of one milli­
meter on the comparator scale introduced a change in wave length of 
20.2... Angstroms. The known wave lengths used to determine the linear 
dispersion were, in each case, the standard hydrogen wave lengths de—
otermined by Dr. Jeppesen.
When the wave lengths for the lines on the four exposures had 
been calculated, the values for the deuterium and hydrogen lines were 
compared with the wave length values of the deuterium and hydrogen 
lines identified by Dr. Jeppesen.^ The plus and minus corrections were 
determined and correction curves plotted for each exposure. After all 
of the corrected wave lengths were found, the wave numbers were de­
termined. A calculating machine was used for the calculations and the 
wave length interpolations.
. Rulon Jeppesen, Private Communication. 
^C. Rulon Jeppesen, Private Communication.
EXPERIMENTAL RESULTS
Th© intensities, wave lengths (in Angstrom units), and wave 
numbers (in cm*“^) for all the lines measured are given in the Table.
The majority of the lines are new. However, the lines which have been 
identified^ as being due to hydrogen or deuterium have been indicated 
in the Table by H or D following the wave numbers. Known blends are 
marked with both H and D. These blends may have concealed deuterium 
hydride lines. The intensities are expressed by numbers, from 0 to %, 
which were estimated visually as the spectrograms were measured. A line 
of 0 intensity was just perceivable while a line of intensity 7 appeared 
extremely dark on the spectrograms. The values of the intensities in 
the Table are average values from the different spectrograms, although 
more weight was given to the intensities of the longer exposures. Values 
of the wave lengths below 800 Angstroms were collected from three spectro­
grams , but only one setting was made for each value. These particular 
wave lengths are not in the region of the bands which the writer is 
investigating, but are listed because very short wave lengths will be 
used in further analysis of the hydrogen, deuterium, and deuterium hydride 
spectra. It is believed that additional study of the long exposures on 
the spectrograms will reveal even more lines below 800 Angstroms.
1 C. R. Jeppesen, Published and Unpublished Works.
TABLE
THE INTENSITIES, WAVE LECTGTHS AND WAVE iraSBERS OF THE LINES LIEASDRED
I Wave
Length(A)
Wave 
Nmn'ber ( cm )
I Wave
Length(A)
Wave 
Humbert cm
0 754.59 132522.2 0 806.35 124015.6
0 86 132474.8 0 807.22 123881.9
0 766.04 130541.4 0 38 57.4
0 767.26 130333.9 0 812.20 123122.3 H
0 67 130264.3 0 28 10.2
0 768.46 130130.3 0 39 123093.5
0 771.07 129689.9 0 52 73.8
0 21 66 .3 0 813.62 122907.4
0 47 22.6 0 77 122884.8
0 773.56 129272.4 0 94 59.1
0 98 02.3 0 814.61 122758.1
0 774.59 129100.5 0 73 40.0
0 779.27 128325.2 0 92 11.4
0 38 07.1 0 815.10 122684.3
0 63 128265.9 0 816.13 122529.4
0 782.09 127862.5 0 41 122487.4
0 41 10.2 0 817.47 122328.6
0 76 127753.0 0 59 10.6
0 785.48 127310.6 0 73 122289.7
0 58 127294.4 0 85 71.8
0 88 45.8 0 95 56.8
0 786.04 20.0 0 818.05 41.9
0 20 127194.0 0 26 10.5
0 93 76.1 0 38 122192.6
0 787.13 127043.8 0 50 74.7
0 22 29.2 0 64 53.8
0 48 126987.3 0 78 32.9
0 64 61.5 0 86 20.9
0 795.19 125756.i 0 98 03.1
0 60 125691.3 0 819.17 122074.7
0 84 53.3 0 29 56.9
0 90 43.9 0 41 39.0
0 796.09 13.9 0 67 00.3
0 27 125585.5 0 84 121975.0
0 47 54.0 0 96 57.1
0 799.02 125153.3 0 820.08 39.3
0 14 34.5 0 22 18.5
0 37 125098.5 0 36 121897.7
0 800.01 124998.4 0 46 82.8
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THE mTEt^lTIES,
TABLE 
WAYS LIüTaTEÏS AKD
(continued)
WAVE HIMBERS OF THE l i k e s MEASDIŒD
I Wave
Length(A)
Wave 
Eumber(cm )
I Wave
Length(A)
Wave 
KuraberCcm. )
0 820.71 121845.7 0 827.06 120910.2
0 89 19.0 0 12 01.4
0 821*01 01.1 0 22 120886.8
0 23 121768.5 0 29 76.5
0 39 44.8 0 41 59.0
0 70 121698.9 0 59 32.7
0 92 66.3 0 97 120777.3
0 822.02 51.5 0 828.02 70.0
0 27 14.5 0 13 53.9
0 40 121595.3 H 0 33 24.8
0 47 84.9 0 829.27 120587.9
0 60 65.7 0 46 60.3
0 823.05 121499.3 0 78 13.8
0 20 77.1 0 830.00 120481.9
0 52 59.4 0 16 58.7
0 44 41.7 0 26 44.1
0 56 24.0 0 34 32.5
0 74 121397.5 0 46 15.1
0 91 72.4 0 55 02.1
0 824.11 43.0 0 71 120378.9
0 29 16.5 0 87 55.7
0 39 01.8 H 0 831.05 29.7
0 55 121278.2 0 19 09.4
0 74 50.3 0 27 120297.8
0 87 31.2 0 44 73.2
0 92 23.8 0 56 55.9
0 825.04 06.2 0 64 44.3
0 20 121182.7 0 74 29.8
0 28 70.9 0 82 18.3
0 36 59.2 0 832.00 120192.3
0 50 38.7 0 13 73.5
0 61 22.5 0 30 48.9
0 83 121090.2 0 43 30.2
0 97 69.7 0 53 15.7 H
0 826.06 56.5 0 67 120095.5
0 25 28.7 0 75 84.0
0 38 121009.7 0 83 72.5
0 56 120983.3 0 93 120058.1
0 80 48.2 0 833.06 39.3
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TEIE rNTENSITIES,
TAELE ( 0 ont inued )
WAVE LEKG-TBS AED WAVE WMBEBS OP THE LINES MEASURED
I Wave
Length(A)
Wave 
Number ( )
I Wave
Length(A)
?Jave 
NimberC cm“^ )
0 833.16 120024.9 0 838.79 119219.3
0 26 10.5 0 95 119196.6
0 38 119993.2 0 839.13 71.0
0 48 78.8 H 0 31 45.4
0 61 60.1 0 47 22.7
0 70 47.2 0 72 119087.3
0 85 25.6 0 88 64.6
0 95 11.2 0 98 50.4
0 834.07 119894.0 0 840.13 29.1
0 25 68.1 0 28 07.9
0 33 56.6 0 55 118998.0
0 49 33.6 0 43 86.7
0 62 15.0 0 66 54.1
0 78 119792.0 0 83 30.1
0 92 71.9 0 841.03 01.8
0 835.14 40.4 0 24 118872.1
0 24 26.0 0 34 58.0
0 38 06.0 0 40 49.5
0 53 119684.5 0 54 29.7
0 69 61.5 0 62 18.4
0 85 38.6 0 70 07.1
0 836.07 07.2 0 75 00.1
0 28 119577.1 0 80 118793.0
0 40 60.0 0 88 81.7
0 52 42.8 0 842.01 63.4
0 64 25.7 0 09 52.1
0 86 119494.3 0 16 42.2
0 94 82.8 0 .31 21.1
0 837.07 64.3 0 37 12.6
0 27 35.7 0 47 118698.5
0 51 01.5 0 63 76.0
0 67 119378.7 0 77 56.3
0 83 119355.9 0 82 49.2 H
0 94 40.2 0 93 33.8
0 838.06 23.1 1 843.07 14.1
0 14 11.8 0 22 118593.0
0 40 119274.8 0 38 70.5
0 56 52.0 0 51 52.2
0 66 37.8 0 60 39.5
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TBE IKTEœiTIES,
TAELE 
VJAVE LEtTGTHS AlVD
(continued)
1 WAVE ITÜMBERS OF TiJE LIKES LEEASTJRSD
I Wave Wave I Vfave Wave
Length (A) NumberCcm ) Length (A) Kumher(cm“^)
0 843*67 118529.7 2 848.02 117921.7
0 73 21.3 2 14 05.7 H
0 79 12.9 H 2 28 117885.6
0 89 118498.8 2 36 74.4
0 95 90.4 2 43 64.7
1 844.01 82.0 2 52 52,2
3 15 62.3 2 65 34.2
3 28 44.1 2 74 21.7
1 41 25.8 2 93 117795.3
2 54 08.3 2 849.05 79.3
2 66 118390.8 2 13 67.5
1 73 81.0 H 3 29 45.4 H
1 80 71.2 3 38 33.6 H
1 93 53.7 3 48 19.0
2 845.04 37.5 1 54 10.7
2 14 24.2 3 60 02.4
1 22 12.3 1 70 117688.5
2 37 118291.3 1 75 81.6
1 42 84.4 2 86 67.1
2 55 66 .9 2 96 52.5
1 67 49.4 2 850.08 36.6
2 81 30.5 1 25 12.4
2 95 10.9 1 41 117590.3 H
1 846.07 118194.2 2 54 72.3
5 18 78.1 H 1 71 49.5
4 29 63.5 1 77 40.5
3 41 46.7 2 93 19.1
1 52 13.0 2 99 10.1
0 66 11.1 2 851.07 117499.1
1 79 118093.7 2 21 79.8
0 92 74.9 2 35 60.5
2 847.03 59.5 2 46 46.0
2 15 42.8 1 55 32.91 20 35.8 2 70 12.9 H
1 28 25.4 2 85 117391.5
2 39 09.4 2 94 79.1
2 55 117987.8 2 852.09 58.4
g 65 73.2 H 3 20 43.3
3 76 57.9 2 28 32.3
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TABLE ( c ont inued )
THE HTTENSITIES, wave LETTGTHS and wave numbers of the LINES Î̂ IEASURED
I V/ave
Length(A)
Wave 
Number ( cm”^ )
I Wave
Length(A)
Wave 
Number( cm” )
4 852.42 117313.0 2 856.12 116806.0
1 47 06.1 1 26 116786.9 H
3 52 117299.3 1 35 74.6
2 66 80.0 2 47 58.3
1 73 70.4 2 56 46.0
2 81 59.4 3 66 32.4
2 91 45.6 2 74 21.5
2 853.01 31.9 1 80 13.3
1 07 117223.6 H 2 87 03.8
2 15 12.6 2 98 116688.8
1 24 00.3 2 857.07 76.5
2 29 117193.4 4 19 60.2 H
2 39 79.7 4 31 43.9
2 50 64.6 1 43 27.5
3 63 46.7 3 51 16.7
3 82 20.7 3 63 00,3
3 90 09.7 2 77 116581.3
3 854.04 117090.5 1 83 73.2
1 10 82.3 2 89 65.0
2 18 71.3 2 858.01 48.7 H
2 29 56.9 H 1 08 39.2
2 48 30.2 1 14 31.1
5 57 17.9 1 24 17.5 H
1 67 04.2 3 30 09.3
3 73 116996.0 3 38 116498.5
2 83 82.3 3 57 73.4
3 97 63.1 H 3 67 59.1 H
3 855.05 52.9 1 73 51.0
3 12 42.6 3 79 42.9
3 21 30.3 H 2 91 26.6
4 29 19.4 1 97 18.5
1 35 11.2 4 859.03 10.3
2 48 116893.4 4 15 116394.7
2 59 78.4 4 30 73.7
X 65 70.2 2 41 59.5 H
2 71 62.0 3 57 37.2 H
77 53.8 2 70 19.6j.o 85 42.9 3 86 116298,0 H
2 98 25.1 4 860.00 79.0
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TAELE (c ont inued)
THE INTENSITIES, VfAVE LENGTHS AND TOVE NUffiERS OF THE LINES IlEASDHED
I V/av© 
Length (A)
Wave 
Number(cm“^ )
I Wave 
Length (A)
Wave 
Number ( cm ]
2 860.16 116257.4 1 864.46 115679.1
3 32 36.4 H 3 55 67.1
3 42 22.3 3 62 57.7
3 53 07.4 H 2 76 39.6 H
3 62 116195.3 2 87 24.3
1 72 81.8 3 95 13.6
3 78 73.7 2 865.06 115598.9
3 89 58.8 2 13 89.5 H
4 861.01 43.3 3 25 74.2
4 12 27.8 1 36 58.8
2 24 12.3 1 43 49.4
2 35 116096.8 5 52 37.4 H
4 47 80.6 4 59 28.1
4 56 68.5 3 74 08.1
3 81 34.8 3 86 115492.1
1 95 16.0 H 2 866.03 69.4
5 862.00 09.2 2 17 50.7 H
5 09 115997.8 H 2 28 36.7
5 22 79.6 1 34 28.1
2 36 60.8 2 43 16.1
1 42 52.7 3 48 09.4
2 50 42.0 3 52 04.8
2 64 23.2 H 1 57 115397.4
3 78 04.4 3 65 86.8
3 92 115885.5 3 72 77.5
3 863.07 65.4 2 83 62.8
2 17 52.0 2 94 48.9
1 25 41.2 1 867.07 30.9
3 39 22.5 H 2 15 20.9
3 48 10.4 1 23 09.6
2 60 115795.0 3 29 02.3
2 73 76.9 H 1 37 115291.0
1 79 68.8 4 42 84.4
2 84 62.1 1 49 75.1
3 96 46.0 5 57 64.4
2 864.06 32.7 5 62 57.8
4 23 09.9 H 1 72 44.5
4 34 115697.2 2 79 35.3
2 41 85.8 2 89 21.9
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TABLE (c ont inued)
THE IKTEKSITIES, WAVE LELIGTBS AM) WAVE MESBERS OE THE L m E S  LîEASIIEED
I Wave 
Length (A)
Wave 
Number ( cm )
I Wave
Length(A)
Wave
Number(cm"^)
3 867.96 115212.6 4 871.92 114689.4
3 868.04 02.0 1 872.02 76.2 H
2 13 115190.1 2 07 69.6
2 22 78.1 2 16 57.8
2 36 59.6 2 25 46.0
1 45 47.6 3 32 36.8
2 54 35.7 1 43 22.3
2 67 18.5 2 49 14.4
3 90 115088.0 3 62 114597.4
4 98 77.4 4 72 84.2 H
3 869.09 62.8 4 81 72.4
1 21 46.9 4 88 63.2
1 31 33.7 H 2 96 52.7
2 45 15.2 H 2 873.08 37.0
4 53 04.6 2 16 26.5
4 60 114995.4 4 30 08.1
4 65 88.7 3 40 114495.0
2 75 77.5 4 50 81.9 H
2 87 59.7 2 62 66.2
1 95 49.1 2 72 53.1
3 870.05 45.9 2 87 33.4
2 16 21.3 1 99 17.7
1 27 06.8 3 874.11 02.0
2 37 114893.6 1 19 114391.6
2 49 77.8 4 26 82.4
2 61 61.9 2 31 75.9
2 70 50.1 4 36 69.3
4 79 38.2 2 49 52.3
5 89 25.0 3 60 37.9
3 99 12.5 3 70 24,9
2 871.14 114792.1 2 81 74.5
2 25 77.6 2 875.00 114285.7
4 36 63.1 1 09 73.9
3 45 51.2 1 16 64.8 H
0 54 39.4 3 21 58.2
2 60 31.5 2 30 46. 5
2 69 19.6 2 39 34.7
0 76 10.4 0 45 26.9
3 81 03.8 1 53 16.5
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TAHLE ( cont Inued )
THE lOTENSITIBS, WAVE EENGTH3 AND VJAVE NUMBERS OF THE LINES I/IEASURED
I Wave Wave I Wave Wave
Lengtb,(A) Number ( cm"^ ) Length (A ) Number ( cm"^ )
3 867.96 115212.6 4 871.92 114689.4
3 868.04 02.0 1 872.02 76.2 H
S 13 115190.1 2 07 69.6
2 22 78.1 2 16 57.8
2 36 59.6 2 25 46.0
X 45 47.6 3 32 36.8
2 54 35.7 1 43 22.3
2 67 18.5 2 49 14.4
3 90 115088.0 3 62 114597.4
4 98 77.4 4 72 84.2 H
3 869.09 62.8 4 81 72.4
1 21 46.9 4 88 63.2
31 33.7 Hi 2 96 52.7 1
2 45 15.2 H 2 873^08 37.0
4 53 04.6 2 16 26.5
4 60 114995.4 4 30 08.1
4 65 88.7 3 40 114495.0
2 75 77.5 4 50 81.9 H
2 87 59.7 2 62 66.2
1 95 49.1 2 72 53.1
3 870.05 35.9 2 87 33.4
2 16 21.3 1 99 17.7
1 27 06.8 3 874.11 02.0
2 37 114893.6 1 19 114391.6
2 49 77.8 4 26 82.4
2 61 61.9 2 31 75.9
2 70 50.1 4 36 69.3
4 79 38.2 2 49 52.3
5 89 25.0 3 60 37.9
3 99 12.5 3 70 24.9
2 871.14 114792.1 2 81 74.5
2 25 77.6 2 875.00 114285.7
4 36 63.1 1 09 73.9
3 45 51.2 1 16 64.8 H
0 54 39.4 3 21 58.2
2 60 31.5 2 30 46.5
p 69 19.6 2 39 34.7
Q 76 10.4 0 45 26.9
3 81 03.8 1 53 16.5
4o
TABLE ( c o n t In u e d  )
THE IH O T ISIT IB S , WA.VE LEt«3THS AM) WAVE MJMBEEÎS OF THE LIKES imASHRED
I Wave
Length(A)
Wave 
Number(cmrl)
I Wave 
Length (A)
Wave 
Number ( cm"^ !
3 2 879.65 113681.5
4 2 76 67.3
2 0 84 57.0
1 1 95 42.8
1 2 880.08 26.0
2 876.08 44.8 3 18 13.1 H
2 18 31.7 2 30 113597,6
2 28 18.7 3 40 84.7
2 42 00.5 2 50 71.8
2 51 114088.8 2 59 60.2
2 56 82.3 0 66 51.2
1 63 73.8 2 74 40.8
2 79 52.3 1 90 20.2
2 89 39.3 0 99 06.6 H
2 97 28.9 2 881.04 02.2
2 877.13 08.1 H 3 15 113488.0
5 22 113996.4 3 25 75.1
1 28 88.6 H 0 33 64.8
1 55 79.5 2 4L 54.5
2 41 71.8 H 2 60 30.1
2 51 58.8 2 71 15.9
1 64 4L.9 2 83 00.5
2 73 30.2 1 87 113395.3
3 83 17.2 2 96 83.9
2 97 113899.1 1 882.05 72.2
0 878.03 91.3 3 15 59.4
2 10 82.2 2 20 52.9 H
2 27 60.2 4 27 43.9
1 37 47.2 1 41 26.0
2 50 30.3 2 47 18.2
3 64 12.2 3 55 08.0
1 70 04.4 3 66 113293.9
3 83 113787.6 3 73 84.9
2 98 68.2 1 80 75.9 H
2 879.07 56.5 2 88 65.6
2 12 50.1 3 883.00 50.2
2 23 35.8 4 14 32.3
3 4L 12.6 4 23 20.7
2 53 113697.0 3 36 04.1
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TABLE (continued)
THE IHTEE5SITIES, WAVE LENGTHS AND WAVE NÜMBEEÎS OF THE LIIŒS MEASURED
I . Wave
Length(A)
Wave 
Number(cm"^)
I Wave 
Length (A)
Wave 
Number (cm“^)
z 2 886.98 112742.1
z 1 887.07 30.6
z 2 17 17.9
z 2 28 03.9
z 3 38 112691.2 H
3 86 40.0 H 1 47 79.8 H
3 884.02 19.6 3 55 69.7
4 14 04.2 2 63 59.5
1 20 113096.5 2 69 51.9
1 26 88.9 H 2 74 45.5
1 34 78.6 1 80 37.9
Z 43 67.1 1 90 25.9 H
1 47 62.0 2 888.05 06.2 H
3 53 54.3 1 17 112591.0 H
3 66 37.7 1 24 81.5
1 76 25.0 2 41 61.2 H
3 83 16.0 2 56 41.6
0 96 112999.4 1 70 23.9 H
Z 885.03 91.1 1 85 04.9 H
Z 09 82.8 1 94 112493.5
2 20 68.8 H 2 889.07 77.0
Z 33 52.2 2 24 55.6z 45 36.9 1 32 45.4 H
2 57 21.6 1 39 36.6
4 67 09.5 1 50 23.3
2 74 112899.9 0 57 13.8
1 81 91.0 2 67 01.2
2 89 81.4 0 73 112393.6
3 98 70.0 0 83 81.0
1 886.05 60.4 H 1 90 72.1
3 15 47.7 0 890.00 59.5
1 21 40.0 1 07 50.7
2 30 28.6 1 16 39.3
X 35 22.2 1 30 21.6
0 40 15.8 2 41 07.8
1 49 04.4 1 54 112291.4
4 63 112786.6 0 60 83.8
4 75 71.3 1 68 73.7
3 87 56.0 H 0 75 64.9
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table (continued)
THE lOTmSITIES, WAVE LIHGTBS AND WAVE NUMBERS OE THE LINES MEASURED
I Wave 
Length (A)
Wave
Numher(cm-l)
I Wave
Length(A)
Wave 
Number (cia“^)
0 2 894.82 111754.9
1 2 92 4L .8 H
1 3 98 34.3
0 2 895.04 26.8
0 3 19 08.1
0 20 08.2 H 2 28 11X696.8
3 30 112195.6 2 38 84.4
2 41 81.8 2 49 70.7
2 54 65.4 2 60 56.3
1 65 52.2 3 69 45.7
1 73 41.5 3 80 32.0
1 85 26.4 1 88 22.0
1 94 15.1 3 96 12.1
2 99 08.8 2 896.03 03.4
1 892.08 112097.5 1 14 111589.7
0 23 78.7 0 27 73.5 H
0 36 62.3 1 33 66.0
0 43 53.6 3 38 59.8
0 49 46.0 1 43 53.6
1 62 29.7 2 49 46.1
1 79 08.4 1 54 39.9
2 90 111994.6 2 61 31.2
1 893.05 75.8 2 71 18.7
0 23 53.8 2 79 08.8
1 32 41.9 2 89 111496.3
2 51 18.1 H 1 98 85.2
0 65 00.6 2 897.14 65.3 H
2 75 111888.1 1 22 55.3 H
2 84 76.8 2 34 41.1
2 96 61.8 1 40 33.0
X 894.08 46.8 1 48 23.0
1 14 39.3 2 61 06.9
3 22 29.3 2 68 111398.2
3 30 19.3 3 79 84.6
1 39 08.0 0 86 75*9
1 46 111799.2 1 96 63.5
1 53 90.5 H 3 898.06 51.1
3 66 74.3 2 11 44.9
3 74 64.3 2 16 38.7
4)
TAHLE ( cont Inued )
THE INTÎÎBITIES, ITAVE LENGTHS AND WAVE NÜMBEEIS OE THE LINES MEASURED
I Wave
Length(A)
Wave 
Number ( cm"^ )
I Wave
Length(A)
Wave 
Number (om-1 )
H 2 901.60 110913.9
0 67 05.3
2 75 110895.4 H
2 88 79.4 H
2 902.05 58.5 D
3 77 63.1 2 11 51.2
3 88 49.5 2 19 41.3
3 95 40.8 2 24 35.20 899.06 27.2 1 33 24.1 H
2 14 16.7 1 39 16.8
2 20 09.9 1 42 13.13 25 04.3 1 53 110799.62 30 111197.5 2 66 83.61 36 90.1 2 75 72.6 D1 46 77.8 1 84 61.5 H1 55 67.3 2 93 50.50 64 55.5 2 903.02 39.51 72 46.3 H 0 14 24.82 79 37.0 0 20 17.41 89 24.6 2 27 08.81 ^00.03 07.4 1 44 110688.00 09 111100.0 1 56 73.32 17 111090.7 2 68 59.20 23 82.7 2 77 47.61 31 72.8 H 1 96 24.30 39 62.9 2 904.03 15.72 52 46.9 0 11 06.02 65 30.9 1 . 19 110596.2
1 74 19.8 1 34 77.8
0 79 13.6 H 1 39 71.7 H
1 82 09.9 2 44 65.6
1 92 110997.6 1 52 55.8
1 901.01 87.1 H 0 62 43.6
1 08 77.9 0 69 35.1
2 18 65.6 2 82 19.2
1 23 59.4 2 88 11.8
1 33 47.1 0 95 03.3
1 42 36.6 H 1 905.06 110489.9
1 52 23.7 2 20 72.8
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TABLE ( G ont inued )
t h e IKTERSITIES, WAVE 'LmOrTHS AHD WAVE NUMBERS[ OP THE LINES MEASURED
I Wave
Length(A)
Wave 
Number ( cm”^ )
I Wave 
Length (A)
Wave 
Number(cm )
.0 2 909.31 109973.4 H
► 7 H 2 37 66.2
. , *1 3 49 51.7 H
.9 1 57 42.0
a  H 1 64 33.6
1 98 77.7 H 2 73 23.3 H
1 906.07 66.7 1 81 13.0
1 17 54.5 1 86 07.0
3 28 41.1 2 91 00.9
0 35 52.6 2 98 109892.5
0 42 24.1 D 1 910.04 85.2
1 48 16.8 1 09 79.2
1 54 09.5 1 18 68.3
4 62 110299.7 2 26 58.7
1 69 91.2 1 32 51.4
1 78 80.3 H 3 42 39.4 H
1 87 69.3 1 50 30.3 H
2 97 57.2 1 64 12.8
1 907.06 46.8 1 76 109808.7 H
2 17 32.9 1 83 109798.4
1 31 15.9 1 90 81.5
2 44 00.1 1 97 73.0
2 59 110181.9 1 911.03 65.8
2 71 67.3 H 2 10 57 .4
1 83 53.3 1 19 46.5
1 91 43.6 2 29 34.5 H
2 908.03 28.5 0 58 23.7
2 13 16.3 H 2 44 16.4
1 22 05.4 2 52 06.8
2 28 110098.2 2 62 109694.8 H
1 37 87.2 3 68 87.6
0 46 76.3 0 74 80,3
2 54 66.7 2 79 74.3 H
2 64 54.5 1 88 63.5 H
1 73 43.6 H  D 2 96 53.9
1 83 31.5 2 912.04 44.3
3 95 17.0 0 18 27.4
1 909.08 . 01.3 0 27 16.6 H
2 23 109983.1 2 34 08.8
D
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TABLE (continued)
THE lOTENSITIES, m V E  LENGTHS AND WAVE NUMBERS OF THE LINES MEASURED
I Wave
Length(A)
Wave 
Number (cm"
I Wave
Length(A)
Wave 
Number (cm"
3.6 2 916.33 109130.9
5.4 2 44 17.8
-S. 6 1 55 04.7
L.8 1 65 109092.8
3.8 1 77 78.6
1 913.03 25.4 2 86 67.9
X 12 15.2 2 92 61.3
3 20 05.0 2 99 52.4
1 30 109493.0 2 917.15 33.4
1 41 79.8 1 25 21.5
1 48 71.4 2 41 02.5
2 59 58.2 H 3 54 108987.0
1 66 49.9 0 60 79.9
1 81 31.9 2 70 68.0
3 94 16.3 2 82 53.8
1 914.04 05.0 1 94 39.5
1 17 109388.8 2 918.05 26.5
1 27 76.8 H 1 18 11.1
2 40 61.3 1 27 00*4
1 47 52.9 2 37 108888.5
1 54 44.5 1 44 80.2
1 65 51.4 2 53 70.1
0 77 17.0 2 61 60.1
1 91 00.3 H 1 73 45.9
1 98 109292.0 2 83 34.0
1 915.07 81.2 2 90 25.7
1 13 74.0 2 97 17.4
1 20 65.7 1 919.03 10.3
2 56 46.6 2 09 03.2
1 44 37.6 1 14 108797.3
2 54 25.1 0 19 91.4
1 63 14.4 1 24 86.1
2 69 07.2 H 2 32 76.0
1 79 109195.3 2 38 68.9
3 89 85.4 2 44 61.8
2 95 76.2 H 1 55 48.8
1 916.07 61.9 H 2 64 38.2
2 13 54.8 2 74 26.3
1 22 44.0 * 1 83 15.7
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TABTiE (continued]
THE HÏÏTEMSITIES, WAVE LEKGTHS AM) XmVE MMBERS OF THE LINES MEASDRED
I Wave Wave 
Length (A) Number (cm“l)
I Wave
Length(A)
Wave
Number(cnr-l)
5.2 0 923.59 108273.1 H
3.0 2 77 52.6
-7.3 H 0 88 39.1 H
3.2 1 97 28.6 H
^9.0 H 0 924.08 15.7
1 32 57.8 H 1 19 03.4
2 44 43.6 2 39 108180.0
2 52 34.2 H 2 52 64.8
1 60 24.8 2 61 53.7
1 71 11.8 2 71 42.0
X 86 108594.1 1 87 25.3
97 81.1 1 93 16.2
1 921.06 70.5 1 925.03 04.6
1 16 59.3 1 12 108094.0
1 26 46.9 H 1 19 85.9 H
37 34.0 2 24 80.0
1 46 23.4 H 1 29 74.2
1 57 10.4 1 39 62.5
1 66 108499.8 H 1 55 43.8
76 88.1 0 65 32.1 H
1 85 77.5 0 75 20.5
1 95 66.3 1 92 01.2
1 922.00 59.8 1 926.02 107989.0 H
1 07 51.6 0 11 78.5
12 45.7 0 21 66.8
22 33.9 H 0 27 59.8
1 28 26.9 0 41 43.5
1 36 17.5 0 45 38.9
0 51 00.4 0 61 20.5
0 63 108386.3 H 0 67 13.6
0 76 71.1 2 80 107898.1
2 85 59.9 0 85 92.3
1 93 50.5 1 90 86.5
1 923.09 32.3 2 927.02 73.1
0 18 21.2 1 10 63.2
0 23 15.3 H 1 18 53.9
0 33 03.6 1 28 42.2
0 39 108296.6 0 36 32.9
0 49 84.8 1 42 26.0
D
TABLE (continued)
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OHE IBTEB8ITTE8, WAVE UmSrTBS AMD WAVE KÜI5BEEIS OE THE LINES MEASURED
I Wave Wave I Wave VJave
Length(A) Number ( cm" Length(A) Number (cm'
.0.8 1 931.19 107389.4
^6.3 2 29 78.5
rl4.7 2 40 75.2 H
2.5 H 4 45 59.4
.2*1 0 49 54.8 D
4 928.07 50.4 3 57 45.6
2 15 41*2 H 3 67 34.1
0 23 31.9 1 80 19.1
3 36 16.8 1 95 02.4
1 58 107691.8 2 932.07 107288.0 H
2 68 79.7 2 16 78.2
2 77 69.8 H 2 25 67.9
2 88 56.5 2 34 57.0
1 929.00 42.6 3 40 50.1 D
3 08 33.3 1 53 35.1.
1 14 26.4 D 0 62 24.8
3 24 14.8 0 74 11.0
1 30 07.8 1 81 02.9
3 40 107596.8 1 91 107192.0 D
1 51 84.1 2 933.06 74.8 D
0 59 74.3 H 1 16 63.3
2 66 66.7 0 31 45.5 H
2 76 54.6 H 0 44 30.6
2 88 40.7 3 55 17.9 D
1 95 32.6 H 2 67 04.7
3 930.03 23.4 1 75 107095.0
0 09 16.4 2 85 84.1 H
2 17 07.2 2 934.01 65.2 D
1 27 107495.6 1 11 53.7
1 32 89.8 3 23 40.0
1 37 84.1 1 34 27.4
1 49 70.8 5 44 15.9 D
1 59 58.7 1 52 06.8 H
4 66 50.6 D 4 62 106995.9
0 74 41.3 H 1 71 85.6
1 82 32.1 1 82 73.0
1 93 19.4 1 89 64.4
2 931.04 07.3 2 97 55.3 H
1 14 107395.2 3 935.03 48.4 D
4 8
TABLE ( G ont inued )
OHE INTENSITIES, WAVE LENGTHS AND WAVE NtMBERS OE THE LINES MEASURED
I Waire
Lengbh(A)
Wave 
Number ( cmT^ )
I Wave
Length(A)
Wave 
Number (cm )
U . 5 1 938.92 106505.3
Î8.9 1 99 106497.4
-7.5 1 939.10 84.9
)2.7 2 52 60.5 H
14.7 1 45 45.8
1 61 82.1 2 58 31.0
1 70 72.4 4 71 15.8
1 84 55.8 H 0 77 09.0
1 95 43.3 3 83 02.2
0 936.02 35.3 2 87 106397.6
2 16 19.3 1 97 86.3
2 34 106799.3 1 940.04 78.4 D
2 46 85.6 1 19 61.4 H0 56 73.7 1 29 50.1
0 65 63.4 3 43 34.3
1 75 52.0 4 52 24.7
3 82 44.0 D 1 64 11.1
4 89 36.1 H 1 80 106292.5 D
0 97 27.0 0 85 86.8 H
X 937.09 13.3 H 4 92 78.9
X 16 05.3 2 941.05 64.2 H
2 22 106698.5 2 14 54.1 D
0 28 91.7 1 22 45.0
2 34 84.8 0 28 38.3
1 39 79.1 2 40 25.3
0 49 67.8 2 49 15.1
1 59 56.9 H D 2 61 01.1 H
1 70 43.9 1 73 106187.5
1 83 29.1 H 2 81 78.5
2 91 20.0 1 91 67.2 D
2 938.07 01.8 D 1 942.01 55.9
2 15 106592.0 2 07 49.2 H
2 26 80.2 1 13 42.4 H
2 39 65.5 2 23 31.7
X 46 57.5 2 28 25.5 H  D
1 54 49.0 1 38 14.8
1 64 37.6 1 46 05.2
2 75 25.2 2 54 106096.8
2 83 . 15.5 H 2 67 81.6
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TABLE (continued)
THE IITOEWSITIES, WAVE LHtîGTHS Aim m V E  NUMBERS OF THE U N E S  MEASURED
I Wave Vfave I Wave Wave
Length(A) Number ( cm"-1) Length(A) Number(cm" )
73.7 1 946.41 105662.4
61.4 1 51 51.2
49.0 D 4 61 40.1 H D
40.0 1 69 31.1
31.0 H 1 77 22.2
0 24 17.5 1 90 07.7
4 33 08.0 H D 1 947.07 105589.3
1 42 105997.3 0 19 75.9
3 50 88.9 3 29 64.8
5 61 75.9 3 40 52.0
2 71 64.7 0 52 38.6
3 77 58.0 2 58 31.9
1 85 49.0 0 64 25.3
2 98 35.0 1 72 16.3
3 944.09 22,6 H 0 82 05.2
2 19 10.8 1 92 105494.6
5 24 05.2 D 2 97 88.5
4 32 105896.8 2 948.10 74.6 H
2 42 85.0 2 23 59.6
1 52 73.8 1 38 42.9 H
1 60 64.9 1 51 28.5
1 75 48.6 1 57 21.8
1 84 38.0 0 65 12.9
4 89 32.4 1 74 02.9
2 94 26.8 3 81 105395.7
5 945.01 18.9 2 93 82.4
2 09 10.0 0 949.00 74.0
2 18 105799.9 H 1 10 62.9 H
3 30 87.0 D 2 26 45.2 D
0 42 73.6 1 36 34.1
1 50 64.1 3 48 20.8 D
2 57 56.8 2 55 13.0
2 67 45.1 1 64 03.6 H3 77 33.9 2 78 105288.0
2 86 23.8 1 87 77.5 H D2 94 14.9 H 3 96 67.5
2
1
1
946.01
13
32
07.1
105694.2
73.0
21
1
950.05
17
28
57.6
44.3
32.1
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T1A.HLE ( c ont inued )
TEE lOTENSITIES, WAVE LEtKSTHS AUD WAVE NUMBERS OF THE LINES MEASURED
Wave Wave I Wave Wave
Length(A) Number (om"-1) Length(A) Number ( cm )
22.1 D 2 954.24 104795.4
10.5 2 34 84.4
01.1 3 46 71.2 H D
93.9 2 58 58.1 H
79.0 H 1 66 49.3 H
2 86 67.9 H D 2 72 42.7 H
1 92 61.3 H 2 81 33.4 H
1 951.02 50.2 2 93 20.2 D
1 08 45.6 1 99 13.1
1 18 32.5 0 955.05 06.5 D
2 27 22.6 H 1 18 104692.8
1 38 11.0 1 27 82.9
2 48 105099.9 1 37 72.0 H
1 58 88.3 H 2 47 61.0 H
2 68 77.5 2 57 50.1
1 82 61.8 2 67 38.6 H
0 95 47.5 3 76 28.7 H D
2 952.02 39.8 2 93 10.7
1 12 28.7 3 956.02 00.3
2 28 11.6 H 2 14 104587.7 D
1 39 104999.5 H 0 26 74.0
2 52 84.6 H 3 35 64.2
2 63 72.5 D 3 44 54.9
1 76 58.2 H 3 52 45.6
3 86 47.2 4 58 39.0 H1 96 36.1 2 68 28.1
1 953.04 27.9 1 83 12.3 H3 12 18.5 D 1 92 01. 9
2 21 08.6 5 99 104494.2 D
5
2
2
1
2
2
1
2
1
3
51
40
53
61
68
83
90
954.00
08
16
104897.6
87.7
73.4
64.6 
56.9
40.4
32.7 
22.3 
13.0 
04.2
H
H
H
2
2
2
1
1
3
3 
1 
2
4
957.15
24
33
39
47
53
65
74
85
89
77.3
67.5 
57.1
50.6 
41.9
35.3 
22.8
13.0
01.0 
104396.0
D
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TABLE ( c ont inued )
THE ÏOTENSITIES, VJOTE LEIK3TIIS AM) V/AVE NDMBERS OF THE LIKES MEASURED
I Wave
Length(A)
Wave 
Kuiaber ( cm )
I V/ave
Length(A)
Wave
Number(cm“^)
91.7 2 961.27 104029.5
30.8 1 38 17.6
75.4 2 50 04.1
59.9 0 55 103998.7 H
64.5 1 60 93.3
2 28 53.6 2 69 83.6 H
1 36 44.9 2 78 73.8
1 46 34.0 H D 1 84 67.3
5 51 28.5 2 90 60.9 H
1 56 23.1 3 98 52.8
1 65 13.9 H 5 962.09 40.9
1 76 01.9 H 5 17 32.2 H
1 82 104294.8 1 27 21.4
0 90 86.1 3 40 07.4
3 97 78.5 D 1 46 00.4
G 959.02 73.1 2 57 103888.5
1 12 62.2 1 67 77.7
2 23 50.2 3 76 68.5 H
2 51 42.1 3 86 57.7
2 44 28.0 H 3 98 44.3 H
3 53 18.2 D 1 963.06 36.2
1 60 10.0 2 15 26.5 D
1 65 04.6 H 1 21 19.5
1 70 104199.2 2 31 09.2
2 75 93.8 3 44 103794.7
2 80 88.3 2 52 86.1
2 85 82.9 4 59 78.5
1 93 74.2 1 64 73.1 H
1 960.06 60.1 4 69 67.8
2 21 44.4 1 74 62.4
2 30 34.1 0 81 54.8
2 39 24.9 1 86 49.5
1 49 14.0 3 91 44.1
1 58 03.7 H 2 96 38.7
1 66 104095.6 H 3 964.03 31.7
X 77 83.1 2 16 17.7
3 87 72.3 1 27 05.3
3 95 65.6 1 36 103695.7
2 961.07 51.2 2 43 88.1
3 18 39.3 2 52 79.0
D
D
D
5S
TABLE ( continued. )
THE INTENSITIES, WAVE LENGTHS AND WAVE NDIÎBERS OE THE LINES MEASDEED
I . WaveLength(A)
Wave
Number ( cm“^ )
I Wave
Length(A)
Wave 
Number ( cm )
66.1 2 968.49 103254.0
53.7 2 61 40.7
42.5 H 1 72 29.5
25.8 2 83 17.8
18.3 D 2 93 07.1
1 19 06.5 2 969.04 103195.4
0 29 103595.8 2 12 86.9
1 36 88.2 H 3 23 74.6
4 45 78.6 D 1 30 67.2
1 52 71.1 1 38 59.2
3 59 63.6 H 1 49 47.0
1 64 58.2 0 59 36.3
3 77 44.8 0 64 31.0
S 88 33.0 0 73 21.4
2 966.02 17.5 H 1 81 13.5 H
5 15 04.1 H D 2 93 00.7 H
2 21 103497.1 1 970.02 103091.1
2 31 86.9 2 10 82.6 H
2 41 76.2 D 1 17 74.7
3 50 66.6 1 30 60.9
4 58 57.5 D 0 43 47.1 H
1 67 47.9 2 55 34.8
1 76 38.8 H 0 66 23.2
1 86 27.5 3 73 15.2
3 92 21.1 H D 1 82 • 06.2
3 967.05 07.8 3 91 102996.6
2 12 103399.7 0 971.01 85.5
3 21 90.6 H 0 06 80.2
3 33 77.8 H D 2 15 70.7
1 47 62.9 1 23 62.2
1 58 51.1 2 32 53.2
2 68 40.4 4 42 42.0
2 77 30.3 1 47 36.7
2 83 23.9 2 52 31.4
3 96 10.5 H 1 57 26.1
4 968.05 00.9 2 62 20.8
1 17 103287.6 1 69 13.4
1 27 76.9 3 76 06.0 H
3 36 67.9 H D 2 85 102897.0
D
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TABLE { cont inued )
THE INTENSITIES, WAVE LETTGTHS AND WAVE I-TUIJBERS OF THE LINES MEASURED
I Wave Wave I Wave Wave
Length(A) Number ( cm""*" ) Length(A) Humbert om~^)
86.4 H 2 976.02 102456.9
72.7 3 14 44.3
59.4 3 22 35.9 H
53.1 H 2 28 29.6
44.6 0 34 23.3
"3 56 21.4 H 0 43 13.8
2 66 10.8 3 56 00.2
1 77 102799.2 2 63 102392.9 H
2 87 88.6 2 72 83.4
3 92 83.3 D 1 85 69.8
3 973.00 74.9 3 93 61.4
3 07 67.5 4 99 55.1
2 23 50.6 H 3 977.05 48.9
2 33 40.0 4 11 42.6
1 47 25.3 H 2 19 34.7 H
2 55 16.8 1 30 22.7 H
1 67 04.2 1 38 14.3
2 75 102695.7 1 46 05.9
2 92 77.8 1 52 102299.6
2 974.02 67.2 1 60 91.3
2 13 55.7 H 3 68 82.9 H
2 22 46.2 1 74 76.6
1 32 35.6 1 82 68.3
1 40 27.2 1 94 55.7 H
2 50 16.7 H 3 978.04 45.3 H
3 59 07.2 D 3 15 33.8
0 68 102597.7 H 5 21 27.5
1 77 88.3 4 31 17.0
2 90 74.6 2 45 02.4
5 975.02 61.9 D 2 51 102196.1
3 14 49.3 H 4 62 85.2 H
2 25 37.8 2 71 75.83 38 24.1 D 3 82 64.3
3 54 07.8 D 2 95 50.2
2
2
3
3
*3
68
76
86
96
972.46
102492.6
84.2 
73.7
63.2 
102831.9
3
3
2
3
2
979.01
13
24
33
43
44.0
32.0 
20.5 H
11.1 
00.7
D
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TABLE (continued)
THE mrENSITIES, WAVE LENGTHS ABD WAVE m j m m S  OF THE LIKES MEASURED
I Wave
Length(A)
Wave 
Number (onT-4
I Wave
Lengtb(A)
Wave 
Number ( cm )
090.2 0 983.32 101696.2 H
80.9 0 42 86.4
67.3 D 5 54 73.5 D
52.7 D 1 64 63.2
59.2 2 76 50.8 H
1 13 27.8 2 90 36.8 H
2 25.5 14.2 1 984.00 26.0
2 36 02.8 0 13 12.5 D
2 47 101992.4 2 24 01.2
1 56 82.5 3 52 101592.9 D
2 65 73.7 1 38 86.7
5 77 61.2 1 46 78.5
6 84 53.4 1 56 68.2
4 91 46.6 2 65 58.9 H
1 97 39.9 4 83 40.3
2 981.07 30.0 D 3 88 35.2
1 15 21.2 3 99 23.8
2 24 12.5 3 985.08 14.5 H
3 34 02.0 1 22 00.1
3 43 101892.6 1 29 1014.929
2 52 82.7 1 37 84.7
1 61 75.4 1 45 76.4
4 76 57.8 D 2 55 66.1
3 84 49.5 4 62 58.9
1 94 39.2 5 69 51.7
3 982.04 28.8 D 1 79 41.4 H
2 17 15.3 H D 2 88 32.2
1 23 09.1 1 96 23.9
3 53 101798.7 D 0 986.03 16.7
4 59 92.5 1 12 07.5 H
2 49 82.2 0 22 101397.2
3 60 70.8 H 3 28 91.0 D
2 67 63.5 3 36 82.8 H
1 75 55.2 2 44 74.6
1 85 44.9 D 2 56 62.3 H D
2 95 56.6 0 64 54.0
2 985.04 25.2 3 71 46.9 D
1 15 15.9 2 64 33.5
3 22 07.1 D 3 97 20.2
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TABLE {cont inued)
TEE INTENSITIES, WAVE LEt^HS AND WAVE OTMBERS OF THE LINES MEASURED
I Wave Wave I Wave Wave
Length(A) Number( cm" ) Lengtb(A) Number (cm'
308.9 6 990.90 100918.3
299.6 2 96 12.2 D
91.4 5 991.03 05.1
83.2 1 11 100896.9
73.0 3 20 87.8 H
4 49 66.8 3 29 78.6 D
2 60 55.5 3 40 67.4 D
1 74 41.2 2 51 56.2
2 82 33.0 3 57 50.1 H
1 90 24.8 2 63 44.0
4 988.00 14.5 1 71 35.9 H
2 07 07.9 D 3 82 24.7
5 18 101196.1 2 94 12.5
4 26 88.4 D 3 992.01 05.4
4 38 76.1 H D 4 16 100790.1 D
1 58 55.7 2 26 80.0
1 64 49.0 H 5 33 72.9
4 76 37.2 D 5 42 63.7 D
2 82 30.6 2 57 48.5
2 94 18.8 1 70 35.3
3 989.06 06.1 2 75 30.2
3 16 101095.8 3 87 18.1
4 22 89.7 D 2 93 12.0
5 55 76.4 D 3 993.03 01.8 D
1 49 62.1 2 09 100695.8
2 57 53.9 3 16 88.7 D
3 70 40.7 D 2 23 81.6 D
5 80 30.5 D 2 32 72.4 E
1 89 21.3 1 45 59.3
2 97 13.1 1 57 47.6
3 990.07 02.9 2 67 37.0 D
2 18 100991.7 1 76 27.95 24 85.6 D 2 86 17.7 D4 34 75.4 D 5 92 11.7p 42 67.2 H 2 99 04.6 Dp 51 58.0 4 994.08 100595.5
3 59 49.9 2 21 82.3
K 73 35.6 D 2 33 70.2V
2 84 24.4 3 46 57 .5
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TABLE (con*t Inued)
THE IMTENSITIES, WAVE LENGTHS AND WAVE HüIiBEEîS OF THE LIKES MEASHRED
I Wave 
Length (A)
Wave
Kumher(om-l)
I Wave
Length(A)
Wave 
Number (cm“1)
- 545.9 H 2 998.35 100165.2
39.8 3 45 55.2
33.8 4 54 46.2 D
24.7 1 63 37.1
15.6 0 73 27.6
3 97 05.5 D 2 84 16.1
2 995.07 100495.4 3 99 01.1 D
1 19 83.3 2 999.10 100090.0
1 28 74.7 H 2 21 79.0
X 38 64.1 3 32 68.0
3 53 49.0 5 43 57.0 H D
2 62 39.9 1 60 40.5
3 69 32.8 1 69 51.0
2 80 21.7 H 1 81 19.0
3 86 15.7 2 95 05.0 D
3 996.04 100397.5 D 2 1000.05 99995.0
2 15 86.4 H 2 14 86.0 H D
1 23 78.4 H 1 21 79.0
4 52 69.3 1 31 69.0
4 42 59.2 D 2 41 59.5
1 53 48.2 2 51 49.5
2 62 39.1 D 2 62 38.0
1 75 26.0 2 72 28.1
3 83 18.0 4 80 20.1 H D
2 91 09.9 2 89 11.1
5 997.00 00.9 0 1001.03 99897.1 H
3 10 100290.8 3 16 84.1
3 16 84.8 2 22 78.1 H  D
0 24 76.7 H 1 32 68.7
1 36 64.6 3 45 55.2
2 46 54.6 3 52 48.2
1 56 44.5 2 62 38.3 H D
3 66 54.5 H 1 74 26.3
3 75 25.5 2 86 14.3
2 89 11.9 2 95 05.4 H
1 980.00 00.4 5 1002.05 99795.4 D
2 13 100187.3 2 21 79.51 19 81.4 1 26 74.5
4 27 73.2 D 2 32 68.5
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TA.HLE ( cont inued )
THE INTEKSITIES, WAVE LENGTHS AND WAVE NDMBERS OE THE LINES MEASDRED
I Wave Wave I Wave Wave
Length (A) Number (cm*^ ) Length (A) Number (cm""l)
'54.6 2 1005.44 99459.4
43.7 3 55 48*1 H D
35.7 D 2 64 39.2
24.8 H  D 2 74 29.8
18.8 3 89 14.9
4 93 08.9 D 3 1006.02 02.1
0 98 02.9 3 11 99393.2 D
Z 1003.11 99690.5 3 26 78.4 H D
5 23 79.0 D a 34 70.0
a 27 74.1 2 40 64.1 H D
3 37 64.6 3 50 54.2 H D
a 45 56.2 1 59 45.3 H
3 50 51.2 D 3 72 52.5 D
a 57 44.3 2 83 21.6
3 62 39.3 3 94 10.8
a 67 34.3 1 1007.01 03.9
5 76 25.9 D a 09 99296.0
a 83 18.5 2 16 89.1
5 91 10.5 H 2 29 76.3
a 1 0 0 4 ^ 99599.6 3 39 66.9 H
3 09 92.7 D 4 52 53.6 D
4 15 86.7 a 64 41.8 E
3 22 79.8 2 73 32.9 D
3 32 70.4 1 85 21.1
8 38 63.9 D 3 98 08.3 E D
4 43 59.0 a 1008.09 99197.5
3 48 54.0 3 19 88.1 D
3 57 45.6 H 3 33 73.9
a 71 31.2 2 43 64.0 D
4 82 20.3 D 2 55 52.2
1 91 11.4 D 2 66 41.4
1
1
4
96
1005.01
08
06.4
01.5 
99494.6
1
1
1
76
83
89
31.6
24.7
18.8
H
3
5
3
5
a
13
20
25
30
35
89.6
82.7
77.7
72.8
67.8
H
D
2
1
1
2
3
1009.01
07
15
24
32
07.0
01.2
99095.3
84.5
76.6
D
H
D
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t a b l e ( G ont inued}
OHE INTENSITIES, WAVE LENGTHS Aim WAVE MMBEEÎS OF THE LINES MEASDRED
I Wave Wave I Wave Wave
Length (A) Number(cm“^ ) Length (A) Number ( cm"^ )
068.8 3 1013.53 98665.1 H
60.9 H 2 63 55.3
51.1 D 1 73 45.6
36.4 2 85 33.9
26.1 4 95 24.2 D
3 94 16.3 D 4 1014.05 14.5 D
2 1010.06 04.0 H 3 20 00.4
2 20 90.3 2 27 985 93.1 H
2 31 79.5 2 36 84.3
2 43 67.8 1 48 72.7
1 52 59.0 H 3 56 64.9 H D
2 63 48.2 2 67 54.2 D
1 72 39.9 3 74 47.4
2 82 30.1 2 84 38.2
1 93 18.8 4 94 29.0 D
1 1011.02 10.0 2 1015.00 22.22 12 00.2 H 4 05 17.33 22 98890.4 D 1 22 01.31 32 80.7 1 31 98492.13 44 68.9 3 41 82.32 57 56.7 3 52 71.71 67 46.5 3 63 61.12 76 37.7 H 3 73 51.43 87 26.9 3 82 42.6 H D3 94 20.1 2 93 32.5 D4 1012.01 13.3 1 1016.04 21.81 13 01.5 2 15 10.7 D3 19 98795.7 3 26 00.0
2 28 86.9 3 52 98394.2
2 42 73.7 3 38 88.4
2
3
51
60
64.9
55.7 21 ?l;l H D
2 72 44.0 1 66 61.3
2 86 30.3 0 75 52.6
3 97 19.6 1 84 43.9 H D2 1013.06 10.8 H 5 91 37.1
2 16 01.1 4 99 29.4 D2 27 98690.9 2 1017.11 17.8
2 37 80.6 3 22 07.2 D
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TABLE (continued)
THE INTENSITIES, WAVE LENGTHS AND WAVE NIJLIBERS OF THE LINES MEASURED
I Wave Wave I Wave Wave
Length(A) Nuiober( cm“^ ) Length(A) Number! cm”1)
300.4 5 1021.23 97921.1 D
290.7 H  D 2 39 06.3
81.1 D 3 47 97898.1
68*0 3 56 90.0 D
60.8 D 2 69 77.5
3 82 49.2 3 81 65.6
2 95 36.7 4 91 56.0
4 1018.06 26.0 H 2 99 48.3 D
4 18 14.5 3 1022.05 42.6
2 30 02.9 2 20 38.3
2 43 98190.4 2 31 18.2 D2 52 82.2 4 41 08.6
4 61 73.5 4 51 97799.0 D5 71 63.4 2 64 86.1
2 82 52.8 2 74 76.6 D1 91 44.1 H 3 84 67.0
3 97 36.4 D 3 92 59.4
1 1019.10 25.8 2 97 54*6
2 24 12.8 2 1023.02 49.8
2 35 02.2 H 2 09 43.1
3 48 98089.7 2 17 35.51 61 76.7 3 28 25.0 H D2 70 68.1 2 40 13.5
3
2
2
3
2
81
91
99
1020.10
21
57.5
47.9
40.2
30.1
19.0
D
D
3
3
3 
2
4 
3
49
61
70
78
92
98
04.9 
97693.9
85.3
77.7
63.9 
58.2
D
2
2
29
43
11.8
97997.9 H 13
1024.04
15
52.4
42.4 D
1 55 86.4 D 4 21 36.23 62 80.1 2 26 31.51 73 69.6 3 40 18.13
1
3
0
2
60 
85 
90 
1021.00 
06 1 P.
62.4
57.6 
52.8 
43.2
37.4
31.7 H D
1
2
3
2
3
53
63
73
88
97
05.7 
97596.7
86.7 
72.4
63.8
H
H D
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TABLE ( c ont inued )
THE INTENSITIES, WAVE LENGTHS AM) WAVE NUMBERS CE THE LINES IÆEASURED
I Wave Wave I Wave Wave
Length (A) Number ( oaf Length (A) Number ( cm )
555.8 2 1028.94 97187.4
44.3 2 1029.03 79.4 H
34.3 3 18 65.2 H
24.8 H 3 31 52.9
16.2 2 44 40.7
3 61 03.4 D 2 55 29.8
2 69 97495.3 H 1 66 19.4
5 76 88.7 2 73 12.8
3 93 73.0 H 3 89 97097.7 D
2 99 66.8 1 94 93.0
2 1026.04 62.1 H 3 1030.03 85.0 H D
3 15 55.5 2 15 73.7 H
3 19 47.3 3 28 61.5 H
3 25 42.1 3 59 50.6 H D
1 34 33.6 1 48 42.2
2 46 22.7 H 2 54 36.5 D3 56 12.7 3 62 29.0
3 66 03.7 1 70 21.4 H
2 74 97395.6 2 79 13.4 H D
4 79 90.9 3 92 01.2 D
0 86 84.3 2 1031.09 96985.2 H
2 94 77.1 2 15 79.1
4
1
2
1027.06
12
22
65.3
59.6
50.1
H 23
2
23
31
38
71.6
64.1
57.5 H
2 38 35.4 3 49 47.1 D
4 49 25.0 2 59 37.74 60 14.6 2 70 27.9
0 65 09.4 D 1 86 12.8
4
2
3
1
2
3
2
79
89
1028.02
15
25
37
46
97296.6
86.7
74.4
62.5
53.1
41.7
53.2
H
H
D
2
2
3
2
2
2
3
3
1032.00
11
21
30
44
57
65
73
96899.7
88.9 
79.5
71.1
57.9
46.2
38.2
31.2
D
H
D
2 57 22 . 8 2 81 23.23 69 11.0 3 89 16.2
2 82 97198.7 H
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TABLE (continued)
THE INTENSITIES, m V E  LEtlOTHS AND WAVE NIMBERS OE THE DINES IÆEASDHED
I Wave Wave I Wave Wave
Dengbh(A) Number ( cm*^ ) Length(A) Number ( cm'-1)
806.4 H  D 1 1036.82 96448.8
,794.2 E 1 89 42.7
83.9 D 2 95 36.7
72.6 2 1037.00 32.0
68.0 2 08 25.0
0 45 63.3 1 19 14.8
1 52 56.7 3 32 02.3 H  D
5 57 52.0 D 2 43 96392.0 E  D
3 67 43.1 H 1 63 73.5 D
3 76 34.7 3 67 69.8
2 92 34.7 2 72 65.1 D
2 1034,00 11.8 2 79 59.1
4 13 96699.6 H D 1 94 45.1
1 25 88.4 2 1038.10 29*8
5 33 81.4 H 3 21 19.6 H  D
5 43 71.6 H 3 32 09.4
3 49 66.5 2 40 02.0 D
2 63 52.9 3 50 96293.2
1 76 41.2 D 3 ' 60 83.9 D
z 85 32.4 2 73 71.9
3 93 25.4 H D 0 83 62 .6
3 1035.08 .10.9 2 90 55.7 D
1 13 06.2 2 97 49.2
2 25 95.5 H 1 1039.04 42.7
2 38 83.4 H 4 13 34.3 H D
1 50 72.2 H D 6 19 28.8
3 68 54.9 2 25 23.2
2 77 46.5 1 33 15.8
89 35.3 D 2 39 10.3
11 1036.0005
25.1
20.4
2
1
46
59
04.3
96191.8
D15 11.1 4 65 86.2
2
2
2
1
2
1
1
22
31
40
46
52
63
70
04.6 
96496.7
87.8
82.3
76.7
66.4
59.9
H
H
2
3
3
2
2
1
1
70
75
84
92
1040.10
22
29
81.6
77.0 
68.6 
61.2 
44.6 
33.5
27.0
H D 
D
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TABLE (continued]
TEE INTENSITIES, WAVE LENGTHS AND WAVE HULÎBERS OE TEE LIKES MEASDRED
I Wave Wave I Wave Wave
Length(A) Number (cm"^) Length (A) Number ( cm" )
>120.6 2 1044.11 95775.3
13.6 3 22 65.3 H
03.5 3 31 57.0
>094.7 H D 2 37 51.5
84.6 0 43 46.0
2 85 75.3 2 50 39.6 H
2 91 69.8 D 3 63 28.1
2 99 62.4 4 76 16.2
1 1041.05 57.1 H 4 83 09.3 D
2 16 47.2 1 90 02.9
2 26 38.0 1 96 95697.4
X 35 29.2 1 1045.02 91.9 H D2 42 23.2 2 10 85.1
3 56 09.8 D 2 21 75.0
2 69 95997.8 D 3 32 64.9
2 80 87.7 1 38 59.0 H D1 92 76.7 D 2 50 48.0
4 1042.05 65.1 3 62 37.0 D
4 17 54.1 1 74 26.1 H  D3 26 45.8 2 85 16.5
3 36 36.6 3 97 05.5 D
2 48 25.1 1 1046.08 95595.4
1 58 15.9 D 4 17. 86.8 H
1 67 07.6 2 22 82.2 H
1 76 95899.3 3 29 75.8 D
1
1
3
4 
1 
3 
1
5 
1 
1 
2 
2 
3
91
96
1043.09
28
38
48
57
64
71
76
81
89
94
85.6
81.0
69.5
51.5
32.4 
33.2
24.9
18.5 
12.1
07.5
02.9 
95795.5
90.9
D
H
D 
H D
1
4
4
1
1
2
4
3
2
2
3
4 
2 2
37
44
55
66
73
84
99
1047 .07 
16 
25 
34 
44 
57 
67
68.5 
62.1 
52.1
42.0
36.1 
26.0
12.4
04.6 
95496.4
88.2 
80.0 
70.9
59.5 
50.4
D
H
D
D
H
H
D
4 1044.04 82 .2
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TABLE (continued)
THE INTENSITIES, V/AVE LENGTHS AND WAVE BOMBERS OF THE LIKES MEASDRED
I Wave Wave I Wave Wave
Length (A) Humber ( cm ) Length(A) Number ( cm"
' ‘1441.2 3 1051.78 95076.9
35.3 D 2 94 62.5
23.5 H 1 1052.00 57.0
17.1 H D 4 06 51.6
08.9 2 18 40.8
3 23 95398.9 4 27 33.1
4 33 89.8 D 3 36 24.5
0 39 84.4 2 43 18.6
5 52 73.0 D 2 53 09.2
4 64 62.1 2 63 00.1
1 79 48.4 H 3 76 94988.4
2 86 41.6 2 86 79.4
2 98 30.7 3 95 71.3
3 1049.08 21.6 H 3 1053.00 .66.8
3 16 14.3 H D 3 11 56.8
2 22 08.9 4 22 46.9
3 32 00.3 2 32 37.9
4 43 95290.3 H D 5 37 33.4
0 60 74.4 H 2 42 28.9
3 65 69.9 H 2 58 14.5z 73 62.6 3 65 08.2z 83 53.5 2 76 94898.3z 95 42.6 3 83 92.4
3 1050.10 29.0 2 91 85.24 23 17.2 H D 3 97 79.4
z 33 08.2 2 1054.02 74.9
3 44 95198.2 D 2 12 65.9
2 54 89.1 D 2 18 60.52 64 80.5 D 3 26 53.7
3 83 63. 3 E 4 32 47.9
3
2
2
1
3
3
2
1
1
94
1051.05
17
25
35
46
58
63
70
52.9
43.0
32.1
24.9 
15.8 
06.3
95095.0
90.5
84.1
H
D
1
2
1
1
3
3
1
1
3
38
45
54
62
71
87
98
1055.06
15
42.5
36.6
28.5 
21.3
13.2 
94798.9
88.5
81.3
73.7
H
H
H
D
D
D
D
H
H
H
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TAJSLE (continued)
THE INTENSITIES, WAVE LEKG-THS AND WAVE NUMBERS OF THE LINES MEASURED
I Wave Wave I V/ave Wave
Length(A) Number(cm" Length (A) Number(cm )
4766.1 H D 3 1058.72 94453.7 D
53.5 2 80 46.5
45.4 E 4 89 38.5
40.0 4 96 32.3 H
32.0 H 3 1059.02 26.9
3 68 25.7 2 12 18.0
B 77 18.0 3 25. ’ 06.4
1 82 13.1 4 30 02.0
3 89 06.8 3 39 94393.9
2 97 94699.7 H 4 46 88.2
2 1056.08 90.2 4 60 75.2 H D
1 20 79.0 2 71 65.4
2 29 71.0 2 77 60.1
3 39 62.0 3 85 53.0
3 53 49.5 3 97 42.3 D
5 61 42.3 H 3 1060.11 30.3
2 68 36.0 1 18 23.6
2 73 31.6 3 26 16.9 D
2 78 27.1 3 38 05.8
3 88 18.6 4 46 94298.7
2 1057.04 03.8 5 54 91.6 D
3 12 94596.6 2 64 82.7
4 18 91.3 D 1 74 73.8
3 24 85.9 2 84 64.9
2 33 77.9 2 93 56.9 D
2 43 68.9 1 1061.01 49.83 57 56.4 4 15 37.4 D
3 69 46.1 4 27 26.7 H
1 83 33.1 4 38 17.0
2 89 27.8 2 43 12.5 H3 1058.02 16.6 D 2 55 01.92 09 09.9 H 4 64 94194.3 D
1 19 01.0 3 81 78.8 H D
3 29 94492.0 D 3 92 69.1 Hp 36 85.8 2 1062.02 60.2
2
2
2
41
48
53
81.3
75.1
70.6
H
34 
3
3
0924
36
50
54.4
41.1
30.1
18.1
D
D
D
2 60 64.4
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TABLE (contInued)
THE INTENSITIES, WAVE LENGTHS AND WAVE NIMBERS OF THE LINES &ŒASUEED
I Wave
Length (A)
Wave
Nuniber(cm“"̂ )
I Wave
Length(A)
Wave 
Number (cm'-1)
2 1066*87 93732.6
2 95 25.1
3 1067.06 15.4
2 12 10.2
3 29 93695.7 D
2 40 85.6
1 50 77.3
3 66 63.2 H  D
1 79 51.8 D
2 89 42.6
2 97 35.6 H
1 1068.13 22.0
3 25 11.0 H
3 37 01.0 H
2 53 93587.0 H D
2 63 77.8
4 83 60.2 D
2 96 48.9
2 1069.05 41.4 H D
2 16 31.8
2 26 22.6
2 34 16.1
4 48 03.4
5 55 93497.3 D
5 69 85.0 H D
3 77 78.0 H
1 85 71.5
2 1070.00 57.9
2 11 48.3 D
3 23 37.9
2 31 30.9 D
2 43 20.4
2 55 10.4 D
3 70 93396.8 H
4 80 88.1 H  D
2 94 75.9 D
1 1071.08 64.1
2 16 56.7
2 26 46.5
3 18
1108.3
3095.5
83.1
74.3
61.9
57.5
H
D
4 29 48.2
0 39 38.9
2 49 30.5 H  D
3 66 15.0
2 74 07.9
4 90 93994.2 D
4 1064.02 83.2
3 12 74.8
3 22 65.5
2 55 54.5 H
3 47 43.5 D
3 57 34.6
3 65 27.6
3 79 15.7 D
2 92 04.2
3 1065.05 93892.3 D
4 12 86.6
5 29 71.2 D
2 40 61.5
2 48 54.4
2 60 44.3 D
3 74 32.0
3 86 21.4
3 94 13.9
2 1066.06 03.4
2 11 93799.0
2 , 18 92.8
3 25 86.6 D
3 33 79.6 E
3 42 72.1 D
1 55 60.3
1 66 50.6 H2 75 43.1
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TABLE ( coat iaued )
TEŒ INTENSITIES, WAVE LENGTHS AND WAVE NUDJIBERS OE THE LIKES MEASURED
I Wave Wave
Length (A ) Number (cm )
I Wave Wave
Length (A) Number ( cm"^ )
5538.4
28.0
17.1
08.8
01.9
CONCLUSION
Thorough study was made of band systems in the extreme ultra­
violet spectrum of the hydrogen molecule by C. R* Jeppesen.^*^ Following 
the discovery of the "heavy" isotope of hydrogen, considerable study 
was also applied to band systems in the extreme ultraviolet spectra of 
the deuterium and deuterium hydride molecules by many investigators in­
cluding C. R« Jeppesen,5jA Kurt Mie,5 and Y . Fujioka and T. Wada*^
As stated before, the purpose of the investigation for this thesis 
has been to identify new lines in the region which includes emission 
bands in the ^p^TT ̂ -Is^^ systems of the deuterium hydride molecule.
There have been several investigations on this band system of the hydro­
gen molecule. The band system was discovered by Hopfield? who found
 ̂C . R. Jeppesen, "The Emission Spectrum of Molecular Hydrogen 
in the Extreme Ultraviolet," Physical Review, 44:16^, Aug. 1955*
^ 0. R. Jeppesen,"Emission Bands in the 5P^^cd“ls^^ System of 
the Hydrogen Molecule," Physical Review, ^4:68, July 19^0•
$ 0. R* Jeppesen, "Bands in the Extreme Ultraviolet Emission 
Spectrum of the Molecule," Physical Review, 4^:480, April 1954»
^ C. R. Jeppesen, "The Emission Spectrum of D2 in the Extreme 
Ultraviolet," Physical Review, 49^799 » June 195^*
5 Kurt Mie, Zeits. f. Physik, 91*475# 1954*
^ Y. Fujioka and T. V/ada, Scientific Papers of the Institute of 
Physical and Chemical Research, Komagome, Honogo, Tokyo, 27*210, 1955*
7 J. J. Hopfield, "New Spectrum of the Hydrogen Molecule," Nature 
125:927, June 1950.
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a V* progression in absorption in the ultraviolet between 770 and 8 ^  
Angstroms. It was assumed by Hopfield that the first member of the pro­
gression was the 0-0 band. However, the heat of dissociation and Rydberg 
denominator derived from this interpretation were not consistent with 
other known information concerning the hydrogen molecule. Richardson^ 
suggested that the v _  0, 1, and 2 vibrational levels were missing and 
what had been observed was the v ̂  4, ^ , etc. levels. Using the isotope
effect, Beutler, Deubner, and Junger^ and Beutler and Junger^^ showed that 
Richardson's assumption had been correct and that the excited electronic 
energy level was the 5p^^ cd state. Beutler, Deubner, and Junger also 
found that the absorption bands were broadened and diffuse because of 
predissociation beginning at the v _ ^ level and autoionization beginning 
at the V — 6 level*
C. R. Jeppesen discovered this band system in emission,^ analyzed 
ten bands and derived the molecular constants• This study verified the 
identification of the excited electronic levels as fixed by Beutler, 
Deubner, and Junger. Due to predissociation it is not possible, however, 
to obtain emission bands from higher vibrational levels than the third.
G 0. W. Richardson, Molecular Hydrogen and Its Spectrum. (Yale 
University Press, 1954), p« 505"
9 Beutler, Deubner and Junger, Zeits. f. Physik, 98î181, 1955* 
^0 Beutler and Junger, Zeits. ^ . Physik, 100:80, 1958*
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A study of emission bands in the 2p^^-le^2 and the 2p^7T- Isl^ 
systems of the P2 molecule and the 2p^7r — Is^S* system of the deuterium 
hydride molecule has also been made by C. R. Jeppesen.
The theory of the isotope effect in band spectra^ makes it possi­
ble to calculate the rotational and vibrational constants for the HD mole—
cule5 from the values of these constants for the H2 molecule.^ Taking the 
mass of D to be 2.01^^, as found by K. T. Bainbridge C. R. Jeppesen^ 
found the value of the constant to equal 0.86616. From the equations 
given in the study of the H2 bands^ and the value of /o » C. R. Jeppesen 
has published^ the following equations for the respective constants of 
the HD molecule.
"For the Is^S (normal) state of the molecule, Bv from v __ 0 to 
V — 5 given in cm.“  ̂units by the equation:
Bv^ 45.668 -  1 .9 9 5 0 5 (v + i)  + 0 .0 5 8 4 9 4 8 (v ^ )^  -  0 .0 0 5 1 6 8 8 5 (v + J )5 .
Because of the extreme curvature of the Bv:v function, another equation 
is necessary for the fitting of By for higher values of v- Accordingly, 
for V _  6 to v _  9 the following equations may be used.
_ 45.550 -  1.81546(v+J-) + 0.00590989(v+J)2 -  0 .0 0 1 1 7 2 8 6 (v + |)5 .
For all observed values of v, Dy^ is given by the equation;
Dv^ _ - 0.0261849 + 0.00065Ô65(vVè).
11^. Javons, Report On Band Spectra of Diatomic Molecules (Great 
Britain, Cambridge, 19^2) •
12x. T. Bainbridge, "Comparison of the Masses of and Helium," 
Physical Review, 55^ July 1955*
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Which may b© assumed equal to is found to be:
_  2.1876 X 10~5 cm.-l.
Finally# ÀOy is given with sufficient accuracy from v — — ^ to v _
6 -J- by the equation:
AGv  ̂ -  5Ô26.0 -  197-05(v  + t )  + 6.C75^ (v + -  0 .4 2 7 7 6 (v +
For the 2p^7r cd(^) st-fîte of the HD molecule the corresponding 
equations J which are valid for all observed values of v » are as 
follows 2
(Bc^)v^ =  2$.47) - 0.85564(v + i) - 0.0675705(v + + 0.00800559(v + *)5,
(Dc*)v^ _  - 0.0117966 + 0.000405285(v + i),
- 7-9815 X 10-8,
(Bd*)v^ _ 25.8086 - 1.02055(v + i).
(Dd*)v^ = - 0.0120466 4 0.00059199(7 4 i),
(Fd*)v^ = 8 .519)7 X 10-6.
The subscripts c or d, as the case may be, indicate that the 
constant in question should be ascribed to the c or d component levels.
The subscript x indicates that the values of B, D, and F given are 
* effective* values of these constants to take account of the-A. - type 
doubling. The values of A Gy for the 2p^77‘ state are given by;
_  2140.5 -  155 .44(v  + i )  + 11 .940(v  + - 1.22607(v + 4 )^4“
The new emission lines of the deuterium hydride spectrum in the 
extreme ultraviolet will make possible additional analysis and theoretical 
interpretation.
BIELXOGRAPHT
b i e l i o g r a p h t
A. BOOKS
Duslunan, Saul, Sc i eut If ic K oundations of Vacuuin. Teclmicju©» New York:
John Wiley and Sons, 1949•
Herzherg, Gerhard, Molecular Spectra and Molecular Structure, Vol. 2  
and II* New York: D* Van Nostrand Co., Inc., 1939 and 1947.
Jevons, W., Report' On Band Spectra of Diatomic Molecules. Great Britain, 
Cambridge, 1932.
Leica Camera Manual
Richardson, 0. W., Molecular Hydrogen and Its Spectrum. Yale University 
Press, 1934.
Strong, John, Procedures In Expérimental Physics. New York: Prentice 
Hall, 1943,
Yarwood, J., High Vacuum Technique. Second edition; New York: John 
Wiley and Sons, 1945.
B. PERIODICAL ARTICLES
Bainbridge, K. T., "Comparison of the Masses of H^ and Helium,"
Physical Reviei?. 35, July 1933.
Beutler, Deubner and Junger, Zeits. f_. Pbysik. 98:181, 1935.
Beutler and Junger, Zeits. _f. Physik. 100:80, 1936.
Fujioka, Y. «nd T. Wada, Scientific Papers of the Institute of Physical 
qpd Chemical Research, Komagome, Honogo, Tokyo, 27: 210, 1935.
Hopfield, J. J., "New Spectrum of the hydrogen Molecule,” Nature. 125: 
927, June 1930.
Hopfield, J. J. and E. T. S. Appleyard, "A Simplified Method of Prepar­
ing Schumann Plates, " Journal of the Optical Society America. 
22:488-495. Sept., 1932.
Jeppesen, C. Rulon, "The Emission Spectrum of Molecular Hydrogen In 
The Extreme Ultraviolet," Physical Review, 44:165, Aug. 1933.
72
Jeppesen, C- Rulon, ”Bande In The Extreme Ultraviolet Emission Spectrum 
of the H Molecule,** Physical Review, 4^ :480, April 1924.
, "The Emission Spectrum of In the Extreme Ultraviolet,'*
Physical Review, 49:797» June 192^
nds In the 2P^^ cd"^®^^ System of the Hydrogaa 
il Review, ^4:68, July 1928"
Mie, Kurt, Zeits. Physik, 91:475» 1924.
Mulliken, Robert S., * Interpretation of Band Spectra,** Reviews of 
Modern Physics, Vol. 2 and 5» 1921» Vol. 4, 1922*
